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ULXs

Who needs slim discs anyway?

Narayan& Quataert 2005



Slim discs                                   

Sądowski et al. 2011



ULX pulsars - PULXs: L > 1039 erg/s, hence super-Eddington

… unless B > 1012 G, Lcr,M = 2LEdd ( B
1012 G )

4/3

(Paczyński 1992)

At least 6 neutron-star accreting systems (NGC2403 ULX, SMC X-3, 
NGC300 ULX1,  NGC7793 P13, M82 X-2, NGC5907 ULX) are observed 
to have super-Eddington luminosities: from ~ 6 to ~ 476 LEdd(N*).



Pulsing ULXs: PULXs

What is really characteristic of PULXs is their high spin-up rate:

which even for high B’s implies super-Eddington accretion:



 ULX 8 in M51* and ULX1 in NGC 300☨:    

B > 1013 G ?

B ≲ 1012 G

 Magnetars have never been observed in binary stars

 For B ≳ 1014 G magnetospheric radius close to light cylinder 

* Middelton et al. 2018 

☨ Walton et al. 2018 
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and beaming factor :

Geometrical beaming model for PULXs  
(King & JPL, 2016; King, JPL & Kluźniak, 2017)
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RM

and beaming factor :

Geometrical beaming model for PULXs  
(King & JPL, 2016; King, JPL & Kluźniak, 2017)



King 2009

SS 433

ULX

Super-critical luminosities imply beaming 

Caveat emptor: not all "formal" ULXs are necessarily beamed; 
e.g., in the King (2009) beaming model this is the case only for 



Arguing that to see a PULX one needs RM ~ fRsph (f=0.3 - 1), one obtains 

Results

, which explains the high spin-ups. 



RM ~ Rsph also from observations:

Walton et al. 2018
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Slim disc

Unstable radiation pressure dominated disc

Stable gas pressure dominated disc

There is NO observational evidence for the unstable behaviour!!!!!

Teff

·M
or

Σ

Slim discs in the context of (P)ULXs

Feeding a slim 
disc does not 
make it thick



80 90

radv ∼ rtrapp rsph

radv ∼ rtrapp ∼ ·m, rsph ∼ 6.8 ·m, rpr ∼ 85 ·m16/21

Lasota et al. 2016

·m = 10
rpr



Slim-disc models are quite a good approximation  of (some) 
numerical simulations 

Lasota et al. 2016



Jaroszyński et al. 1980

 How to get beaming ?

Collimation:

Sikora 1980

Lasota et al. 2016but slim discs are windy (Dotan & Shaviv 2011 )



Sądowski, Lasota, Abramowicz, Narayan 2016

ṁ=175.8

ṁ=10



Sądowski, Lasota, Abramowicz, Narayan 2016

ṁ=175.8

ṁ=10



Sądowski, Lasota, Abramowicz, Narayan 2016
≈

ṁ=175.8

ṁ=10



·m = 45

b ≈ bSN
2(1 + ln ·m)

·m

bSN = 1/(beaming factor)

·m = 45, b = 0.06
bKing = 0.04

Sądowski & Narayan 2015



Jiang, Stone & Davis 2014

Sądowski & Narayan 2015

… but problem: the photosphere



Non-magnetised, non-rotating neutron star and black hole 

Takahashi, Mineshige & Ohsuga 2018 

"Supercritical Accretion onto a Non-magnetized Neutron Star: 
Why is it Feasible?"

photosphere



So, for very high accretion rates, where is the beaming occurring ?



King 2006

106Rg

The answer, my friend, is blowin' in the wind 
The answer is blowin' in the wind



And what about the radiation-pressure instability? 

 Magnetic field ? (Sądowski 2016)

 Vertical advection ? (Jianng et al. 2014) 



HLX-1 in ESO 249: Lmax = 1.2 × 1042 erg s−1

Is it a super-Eddington source ?  
"Consensus": M ∼ 104 M⊙

Dubus, King & Lasota: the outburst rise- and decay- times are totally 
incompatible with such a mass (especially in view of the observed 1-day 
optical - X-ray delay). HLX-1 is a  ~ 3 M⦿, ṁ ≈ 170 system undergoing 
dwarf-nova-type instabilities. (see also Hameury’s talk)


